To evaluate the significance of persistent negative T waves during severe ischemia, we prospectively studied 62 patients admitted for unstable angina without evidence of recent or ongoing myocardial infarction. A critical stenosis on the left anterior descending coronary artery (LAD), considered as the culprit lesion, was successfully treated by percutaneous transluminal coronary angioplasty (PTCA). The patients were divided into two groups according to the admission electrocardiogram: T NEG group (n =32) had persistent negative T waves, and the T POS group (n=30) had normal positive T waves on precordial leads. The two groups had similar baseline clinical, hemodynamic, and angiographic characteristics. All patients underwent a complete clinical and angiographic evaluation (coronary arteriography and left ventriculography) before undergoing PTCA and 8±3 months later. Left ventricular anterior wall motion was evaluated by the percent shortening of three areas (S1, S2, and S3) considered as LAD-related segments on left ventriculograms. Before PTCA, there was no significant difference in global ejection fraction between the two groups despite a significant depression in anterior mean percent area shortening in the T NEG compared with the T POS group (S1, 44 versus 54, p<0.01; S2, 39 versus 48, p<0.01; S3, 44 versus 50, NS). At repeated angiography, the anterior mean percent area shortening improved significantly in the T NEG group (S1, from 44 to 61,p<0.001; S2, from 39 to 58,p<0.001; S3, from 44 to 61,p<0.001). This resulted in a reduced end-systolic volume (from 41±14 to 31 + 13 ml/m2, p <0.01) and improved ejection fraction (from 61±8% to 69±10%, p<O.OOl) compared with baseline. The negative T waves present on the admission electrocardiogram became normalized in 31 patients (97%). There were no differences in any of the data studied between baseline and follow-up in the T POS group. We conclude that 1) the clinical syndrome of unstable angina with LAD stenosis and persistent negative T waves on precordial leads is associated with resting anterior hypokinesis that is absent in patients without this electrocardiogram pattern but who are otherwise similar; 2) successful reperfusion by PTCA of LAD can normalize the abnormal electrocardiogram and anterior regional shortening, suggesting that myocardial stunning is present in this syndrome. (Circulation 1990;82:913-921) 
In addition, they met the following inclusion criteria: 1) no enzymatic evidence for recent or ongoing myocardial infarction from serial sampling on admission and every 6 hours for at least 48 hours; 2) significant LAD stenosis suitable for and successfully dilated by PTCA; and 3) informed consent by the patient for a follow-up study that included resting ECG examination 4-6 weeks and 6 months after admission combined with exercise thallium 201 scintigraphy and repeated angiography.
This study population was then divided into two groups according to the resting precordial ECG pattern at the time of the initial angiography. The first group (T NEG group) included 32 patients who had the following ECG pattern: 1) isolated negative T waves, symmetric or biphasic, with a negative amplitude of at least 0.2 mV; 2) isolated negative T waves in at least three precordial leads; 3) isolated negative T waves without significant ST segment or QRS changes. The second group, which served as the control group (T POS group), included 30 patients with normal positive T waves on the resting ECG. Transient ST-T changes were observed in 17 of 30 patients during or immediately after anginal episodes at rest. In 11 of the remaining 13, objective signs of myocardial ischemia had been detected by exercise testing within the last 4 Left ventricular function was evaluated by monoplane contrast ventriculography (300 right anterior oblique view). Both premature and postpremature beats were excluded. The ventriculograms were manually outlined throughout systole and diastole in a blinded fashion by the same observer (Z.L.). Left ventricular volumes and ejection fraction were calculated by computer according to Simpson's rule after digitization of the manually traced contours. The normal range for ejection fraction determined in 12 subjects without cardiac disease was 73±6% (mean ± SD). To quantify regional wall motion during systole, we divided the left ventricular silhouette into eight segments, four anterior and four inferior, using the long axis as the reference system.11-13 The area of each segment was computed, and anterior wall motion was evaluated by the percent area shortening of the three LAD-related segments: anterobasal (S1), anterolateral (S2), and anteroapical (S3). The normal range was 66±8% for SI, 64±12% for S2, and 66±11% for S3. The interobserver coefficient of variation was less than 4.4% for the global and less than 7.9% for the regional measurements. To avoid artifactual findings related to the reference system, the homogeneity of regional wall motion during systole was examined for all segments before and after PTCA in each group by comparing their wall motion distributions.14 During diagnostic angiography, all patients in each group were asymptomatic and treated by oral or intravenous nitrates. The number of patients receiving 13-blockers was not statistically different in each group (37% in T NEG versus 43% in T POS). No patients were given inotropic drugs. At final evaluation, all drugs were withheld 36 hours before angiography.
Percutaneous Transluminal Coronary Angioplasty PTCA was performed with steerable coronary dilatation systems. At least the culprit lesion on the LAD was successfully dilated in all patients. In case of multivessel coronary disease, PTCA was attempted on other stenotic vessels if technically feasible. Complete anatomic revascularization was defined as a successful PTCA of one or more vessels resulting in no remaining lesion with a stenosis diameter greater than 50%.
Before intracoronary manipulations were started, an intravenous bolus of 10,000 IU heparin was administered. Heparin was administered thereafter as a 5,000 -IU bolus every 30 minutes until the end of the procedure, and it was infused at the rate of 1,000 IU/hr during 12 hours. All patients were on isosorbide dinitrate before, during, and for 12 hours after the procedure. Daily medication at discharge included aspirin (100 mg), dipyridamole (225-400 mg), and a calcium antagonist (either nifedipine 30-40 mg or diltiazem 180 mg). Follow-up By design, all patients had accepted to undergo a complete follow-up. In the absence of recurrent symptoms, the final evaluation was performed 6 months after PTCA. In case of recurrent angina within the first 6 
Results

Baseline and Follow-up Data
As shown in Table 1 , the baseline clinical characteristics of the patients were well matched in the T NEG and T POS groups. The only difference was the sex ratio because there were more women in T NEG group (22% versus 7%, p= 0.05). More than 80% of the patients in each group had angina of recent onset (<2 weeks). According to the clinical classification of unstable angina,8 no difference was observed between the two groups because all patients were in Class IIB or IIIB. Serial sampling of cardiac enzymes was not diagnostic for recent or ongoing infarction. Three patients showed an isolated and mild rise in creatine kinase levels, which was smaller than twice the upper normal limit.
As shown in Figure 1 .
The first repeated angiography was performed after a mean delay of 6±2 months, and no restenosis was present in 37, whereas partial restenosis was present in two patients. These 39 patients were free of symptoms at the time of final evaluation. A significant restenosis was observed in 23 patients (37%) at the first repeated angiography. One had multiple vessel disease and underwent surgery, whereas the 22 remaining patients underwent a second PTCA, and in one of these patients, the procedure failed. This patient underwent uneventful emergency surgery because of coronary dissection. A second repeated angiography (after successful second PTCA) was performed after a mean delay of 6+2 months in the 21 (Table 3) were similar in the two groups at diagnostic angiography. Figure 2 summarizes the effects of successful PTCA on the left ventricular function in each group. Before the first PTCA, the global ejection fraction was in the lower range, 61±8% in T NEG compared with 64±10% in T POS patients (NS). However Figure 3 . This analysis demonstrates a similar distribution of area shortening before PTCA in each group, but a significant improvement in the distribution of hypokinetic segments in the T NEG group after PTCA. As shown in Table 3 None of the 31 patients in the T NEG group showed perfusion abnormalities in the LAD-related segments (one patient did not undergo the exercise test for orthopedic reasons). Among the 30 patients in the T POS group, 27 (90%) showed normal perfusion in the LAD territory, whereas a reversible defect was found in a single patient in the absence of angina or significant restenosis. In the two remaining patients, a reversible perfusion defect was consistent with significant LAD restenosis, and these patients underwent bypass surgery. None of the patients in the T NEG and T POS groups showed fixed defects in LAD-related segments.
Discussion
The major findings of this study are twofold: 1) unstable angina associated with a critical LAD stenosis and negative T waves on precordial ECG leads is associated with resting segmental hypokinesis that is absent in patients without this ECG pattern, 2) successful reperfusion by PTCA can normalize ECG and wall motion abnormalities, suggesting that myocardial stunning is present in this syndrome.
Reversible Left Ventricular Dysfunction
Reversible myocardial dysfunction has been observed in several experimental models of both brief and repeated coronary artery occlusion followed by reperfusion. 16 These observations allowed the development of the concept of the "stunned" myocardium, which is myocardium characterized by the absence of myocardial necrosis according to histological analysis and by complete functional recovery over time provided full perfusion is restored. [16] [17] [18] In humans, the occurrence of prolonged, but reversible, postischemic left ventricular dysfunction after transient episodes of ischemia has not been clearly demonstrated except for the subtle abnormalities in diastolic function produced by controlled ischemia during PTCA. 19 The present data show that myocardial stunning may occur during unstable angina and that this is compatible with the pathophysiology of the syndrome. Unstable angina is usually related to the presence of one or more severe coronary narrowings associated with spasm or intracoronary thrombus.20,21 The complex and dynamic interactions between blood constituents and the unstable plaque may lead to episodes of severe ischemia due to reduced coronary blood flow at rest. During this period, the functional outcome of the myocardium subtended by the unstable plaque will depend on the severity and the duration of these ischemic events. In the present study, all patients had a patent, but severely narrowed, LAD that was considered as the cause of repeated anginal attacks during the last days before admission.
In the T NEG group, we observed a significantly reduced anterior wall motion at rest during pain-free periods, but in the T POS group, despite a similar clinical status, regional left ventricular dysfunction was absent. This difference cannot be related to the occurrence of non-Q wave infarction in the T NEG group based on the following evidence: 1) only patients in whom serial measurements of cardiac enzyme levels were not diagnostic for myocardial necrosis were included in the present study, 2) the regional wall motion abnormalities disappeared over time as shown from repeated angiography, and these changes are unlikely related to altered hemodynamic or pharmacological conditions, 3) none of the patients had persistent defects on exerciseredistribution thallium 201 scintigraphy, suggesting the absence of scar. Therefore, the difference in ECG and functional pattern between the groups is likely related to the number, the severity, and the duration of the ischemic events having occurred before diagnostic evaluation and treatment.
According to experimental studies, postischemic left ventricular dysfunction is expected to normalize provided myocardial blood flow is restored. Perfusion was normalized in all patients by PTCA based on the absence of residual LAD stenosis in 92% of patients and the TIMI flow evaluation at final repeated angiography. In addition, the exercise thallium 201 perfusion studies showed normal tracer distribution in LADrelated segments in 95% of patients. It is difficult to exclude any influence of medications on ventricular function analysis. We attempted to standardize the drug regimen in both groups of patients, as far as was permitted by their clinical status. During the initial evaluation, p-blockers were required by the same proportion of patients in the T POS and T NEG groups, whereas all patients were receiving nitrates. During the follow-up evaluation, all drugs were withheld for 36 hours in both groups. As shown in Table 3 , we observed no differences between groups in the hemodynamic data during the initial or the repeated angiography. The slightly higher ventricular systolic pressures in both groups at 6 months could reflect the withdrawal of all drugs compared with the initial angiogram. Thus, we think that the observed effect cannot be attributed to altered hemodynamic or pharmacological conditions but rather reflect the consequences of ischemia and its subsequent recovery.
Coronary anatomy was visually assessed by two observers unaware of the ECG pattern. The culprit LAD stenoses were estimated greater than 70% in diameter in both groups, and none of the vessels was totally occluded. The distal flow was evaluated according to the TIMI criteria. No differences were observed between T POS and T NEG groups. It is possible that subtle differences in stenoses severity or geometry could be detected by quantitative analysis of the coronary angiograms.
Finally, more than 40% of patients in both groups had multivessel disease. In these patients, part of the abnormalities in left ventricular function could be related to changes in non-LAD segments. However, a complete revascularization was achieved in the same proportion of patients in both groups, and results similar to those for the entire group were found in patients with incomplete revascularization. The wall motion of non-LAD-related inferior and posterior segments showed no difference within or between groups. These data confirm that unstable angina in selected patients with multivessel disease can be managed by PTCA of the culprit lesion as also shown by others.27 '28 Clinical and Prognostic Implications de Zwaan and colleagues5 showed that among patients with unstable angina, those with precordial negative T waves have a poor prognosis in the absence of surgical revascularization. This observation was confirmed by Haines et alo who reported 38% of infarction and 27% of death after a mean follow-up of 16 months, and by Ganborg et a17 reporting 17% of infarction and 24% of death after a mean follow-up of 31 months. In the present study, revascularization was successfully achieved by PTCA and repeated procedures when needed. Remodeling of the unstable plaque by PTCA seemed to favorably alter the clinical outcome of our patients. Such strategy resulted in excellent medium-term prognosis, probably similar to the results of bypass surgery in patients with unstable angina.29
